The purpose of this study was to gain deeper insights into how technology restructures the classroom as a spatial setting and how the positioning of these technologies can be associated with educational practices. The research includes a photographic and schematic representation of 115 classrooms in 12 primary schools in Belgium, resulting in a typology based on structural features of the classrooms. Based on the typology derived and the specific positioning of technology, nine teachers were purposefully selected and interviewed about their perceptions concerning the link between the use of technology and the classroom layout.
teachers to integrate technology into their teaching (Voogt & Knezek, 2013) . As Turbill (2001) put it, "One computer in a kindergarten classroom is about as useful as one container with three pencils when I have 27 children in a room" (p. 175).
At the same time, new technological devices such as IWBs, computers and tablets can influence the educational space and practice (Brooks, 2010) . Information is presented in different ways, pupils and students are distributed differently in space, the interaction is different in some cases, e.g. spatial arrangements like the traditional linear PC-lab may limit the pedagogy of a particular learning space (Zandvliet, 2006) . According to this author, the positioning of technology within the context of a computer lab can reinforce earlier views about technology and that are incongruent with the goals for educational technology in view of 21 st century learning (cf. Voogt & Roblin Pareja, 2012) . In this respect, access to educational technology also includes the correct amount and type of technology available at exactly the sites where teachers and students can use them as envisioned (Fabry & Higgs, 1997) .
Some empirical studies show that, although infrastructure is an important condition for technology integration in general, the positioning of technology in the school can also foster or hinder specific teaching and learning activities (e.g., Salomon, 1990; Tondeur, Van Keer, van Braak, & Valcke, 2008) . To illustrate this, the findings of Tondeur et al. (2008) suggest that the availability of computers in a PC-lab is related to the adoption of technology to learn basic technology skills (cf. Rule, Barrera, Dockstader, & Derr, 2002) , while the availability of technology within classrooms is positively related to the use of technology as a learning tool. Rule and colleagues (2002) show that PC-labs reduce the optimal chances for ICT integration in learning activities because of the physical separation of technology and the actual classroom (cf. Zandvliet, 2006) . Moreover, Mercier, Higgins and Joyce-Gibbons (2014) suggest that the use of technology within the classroom may be influenced by the specific location of technology in the classroom, both in terms of the learning outcomes and the interaction behaviors of students. Their findings highlight the importance of considering the learning environment when integrating ICT. The positioning is also important for specific technological devices such as an IWB, particularly where the IWB is permanently fixed (Smith, Higgins, Wall, & Miller, 2005) . In their review, Smith et al. (2005) found that the IWB is often placed too high for pupils, and even teachers may have difficulty reaching the top. Interestingly, it seems that the positioning of the teacher and the IWB within the classroom determine the type of interactivity in IWB-supported lessons (see also de Koster, Volman, & Kuiper, 2013) . Clearly, effectively installing technology is much more complicated than simply providing technology and securing a connection to the Internet.
Important questions remain concerning how the classroom itself and the specific position of technological devices can be associated with the successful enactment of teaching and learning activities.
Exploring the spatial layout of classrooms
When asking how the spatial layout of a classroom can be associated with pedagogical practice (under the influence of new technologies such as computers or digital boards) it makes sense to first consider key aspects of classroom layouts (cf. Lim et al., 2012) . For most people, a traditional classroom suggests a straight rectangular room (Amadeo & Dyck, 2003) , a blackboard in front of strictly arranged school desks, old fashioned didactic images covering the walls, and -notably in Belgium -a small step in front of the class symbolizing the authority of the teacher instructing his pupils (Van Den Driessche, 2009 The location or built environment refers to the material and geometrical form of the room.
This concerns structural characteristics of the classroom. The shape of the room, walls and the restrictions posed by walls, the precise dimensions of the floor plan, the position of electrical sockets, doors, windows, their relative size etc., clearly offer opportunities or set limits for the ways in which technologies can be positioned in classrooms. Amedeo and Dyck (2003) started with the assumption that the purpose of the specific shape of a classroom (see Fig. 1 ) is to facilitate the activities appropriate to the location.
Results from their case study suggest that teachers perceive the influences by various structural forms on teaching and learning activities to differ, but that their perceptions of such differences are mediated by their educational perspectives.
< Include Fig. 1 around here >
The classroom layout is characterized by the sub-architectural apparatus within each space (Betoret & Artiga, 2004) . The arrangement of tables and chairs, projectors and screens, carpets, light sources etc., are of importance when discussing the specific positioning of technology in the classroom (see Fig. 2 ). For example, Zandvliet (2006) observed three different but general layouts for the implementation of technology in PC-labs. There was the traditional PC-lab (linear) with rows of computers facing forward and a teaching station in the front. There was what he termed the "peripheral lab" with computers on benches around the perimeter of a room (with students facing outwards) with other types of workspaces in the middle -more common in science classes -though this is the type of layout also seen in software developer suites. The final form was the cluster layout, which had one computer for three or more pupils working collaboratively. Also Lim et al. (2012) argue that different spaces in the classroom acquire specific meanings, as well as the positioning and distance of the site relative to the students and the teaching resources, such as the interactive whiteboard and screens. < Include Fig. 2 around here > Technological devices such as computers or interactive whiteboards do not dictate one's pedagogical approach (Smith et al., 2005) ; rather, they enable (or hinder) the implementation of a spectrum of approaches to teaching and learning . In this respect, the rationale for school architecture lies in its 'use'. If architects speak about or design a classroom, they mainly imagine how a space could be occupied, used, inhabited (see also Hertzberger, 2008) . The location and layout of classrooms is related to the pupils and teachers occupying the space. For instance, the arrangement of the school desks in single rows, in little groups, in U-shapes allows certain typical events to take place: individual study, group work, dialogue, respectively (Mahieu, 2008 
Research method

Sample and procedure
The data collection for this study was restricted to primary education contexts in East Specifically, the teachers' classrooms represented the most common types of settings described and represented different schools. For each common type, 2-3 contrasting cases with respect to the availability and positioning of technology were selected.
Instruments and analysis
A checklist was used to portray the existing technology and furniture in each of the classrooms consistently (RQ1 and 2). The checklist (inventory) contained items relating to both aspects of layout described previously: the built environment and the physical infrastructure, including door(s) and windows, the seating arrangement, positioning of the chalkboard, and technological devices. Based on these results, the pictures and the schematic representation of 115 classrooms, a typology was derived according to particularly features of the classroom, namely the arrangement of desks (cf. Betoret & Artiga, 2004; Martin, 2002) .
Partially derived from previous research, the interview included questioning that permitted teachers to respond in their own terms and meanings (cf. Gall, Gall & Borg, 2010) about the (relationship between the) educational use of technology and the placement of technological devices in their classroom (RQ3). Some examples of interview questions are presented in Table 1 . Interviews were then transcribed; each one constituting a unique portrayal of a specific classroom.
< Include Table 1 about here >
In the first phase of analysis, the data from each teacher was synthesized and a vertical (within-case) analysis was applied (Miles & Huberman, 1994) . This led to the creation of a case-specific report that organized and presented the data of each teacher, connected to his or her specific classroom. In the second phase of data analysis, the results of the vertical analysis of each case study school were submitted to a horizontal analysis or cross-site analysis (Miles & Huberman, 1994) in which data from the respondents were systematically compared for similarities and differences. During these two main stages of data analysis, the content of the within-case and cross-case analysis was discussed among the researchers to safeguard the quality of the interpretative data. All disagreements were resolved through discussion.
Results
Typology for classroom layouts (RQ1)
Based on the observed seating arrangements in 105 classrooms and 10 PC-labs within the 12 sample schools, this study determined seven different classroom layouts for primary education (see Fig. 3 ): front-facing singles (Type 1), front-facing pairs (Type 2), front-facing rows (Type 3), groups (Type 4), u-shaped (Type 5), combination (Type 6) and square (Type 7). In "front-facing singles" classrooms pupils are facing the chalkboard and are sitting individual at separate tables. Different to a "front-facing-singles" classroom is that in "frontfacing pairs classrooms" the pupils are sitting in pairs facing the chalkboard. When pupils are facing the chalkboard in long rows we describe this as a "front-facing rows classroom". In a typical "groups"-classroom, pupils have eye contact and are seated facing each other in pairs, not necessarily the chalkboard. In a "square-classroom" all the tables are arranged in a square shape. A combination type contains combinations off all of these other types.
< Include Fig. 3 about here >
In the sample classrooms of this study, the most commonly observed layout types were: "combination" (46%), "front-facing pairs" (28%), "groups" (12%) and "front-facing rows" (11%). "Combination" (40%) and "front-facing rows" (30%) were the most common types of layouts for PC-labs.
The placement of technology in the classroom layouts (RQ2)
In this section we elaborate on the technology observed in the 105 classrooms. Almost all (98.10%) of observed classrooms contained at least one computer, i.e. desktop or laptops (see Table 2 ). The study observed 285 computers located within 105 classrooms. Only 3% of these were laptops. On average, each classroom had 2.77 computers (desktops and laptops) and each PC-lab 15.70 computers. Few classrooms (5%) had an interactive whiteboard (IWB) and none were observed in the PC-labs. Further, 74% of classrooms had a radio and 16% had a projector (for an overview see Table 2 ). of the interactive whiteboard (IWB) were placed in the front of the classroom.
< Include
Use and place of technological devices in the classroom layouts (RQ3)
For each common type (T) of classroom layout (T2, T3, T4, T6), contrasting classrooms with respect to the availability and positioning of technology were purposely selected. Nine teachers from these sample classrooms were interviewed about their pedagogical practice in relation to the layout (tables, technological devices, blackboard, etc.).
To illustrate key distinctions on how the classroom layout and the specific positioning of technological devices can be associated to the educational uses of technology three cases have been presented below (cf. Kozma, 2003) . It was decided to include one classroom from different types of classroom layout, more specifically "front-facing rows", "groups" and "combination" classrooms. Also the specific positioning of the technology is different in the selected cases. In Table 3 a summary of the key findings of the nine interviews was made.
The results of the horizontal analysis are integrated in the discussion section.
(1) Leila's case Leila is a 28-year old, grade four primary school teacher with 8 years of teaching experience. She works in a Catholic school (built in 1976) in a rural area. The desks in her classroom are arranged in three long rows (Type 3) which all face the board at the front (see Currently, Leila must rely on the space in the back and the corridor as an adjacent classroom. In this respect, she also makes use of the PC-lab and the so-called "digiclass". In the PC-lab are 19 computers, a projection screen, and a TV. The desks in the PC-lab are arranged in long front-facing rows. According to Leila, lessons are given in the PC-lab every other week, at a set time. Previously, the desks in the PC-lab faced the windows. This was perceived negatively because pupils had to turn if something was shown. Nevertheless, in the PC-lab the pupils especially use the computers as a learning tool, to exercise knowledge and 
Because when other colleagues with fewer computers make the effort to go to the computer class, they go for just a few minutes".
(3) Jane's case Jane (26) is a sixth grade primary school teacher in a public school in a city in East
Flanders with 3 years experience as a teacher (S9/K4). The school building is constructed in 1953. The infrastructure of her "combination" classroom (Type 6) features a combination of u-shaped, front-facing pairs and groups seating arrangement (see Fig. 7 ) for 16 pupils.
< Include Fig. 6 around here > Jane argued that the u-shaped layout is an important element in her educational practice: "learners in 4th grade must communicate a lot, they may speak their minds and that is easier when they can see each other". The downside of the classroom layout is, according to Jane, a lack of concentration because of too much interaction. Therefore she decided to create separate areas where pupils can work independently or in small groups. Moreover, Jane changes the classroom layout according to specific lesson activities: "during art, the desks are put together and when it is time for gym, they can be pushed aside".
The central technological device in the space is the IWB. The teachers' personal laptop in the front of the classroom is mainly used by the teacher to control the IWB. Jane states that she uses technology more often in her educational practice due to the IWB: "I
would not be able to miss it because you can show everything through Internet. If children ask questions like, 'Miss, I don't know what Zumba is, then: Zumba file and voila -they all know
it". Other advantages she mentioned are "it is very easy for children to get an overview" and "it is easy to save everything you make with this IWB". Jane decided to keep her chalkboard besides the IWB because "the screen of the IWB is sometimes too small" and "because leaving some things up on the chalkboard is also quite convenient". The IWB is mostly used by Jane; sometimes the pupils may write something on the IWB or play a game during the break.
In the back corner there is a computer for the pupils but it is not frequently used because of no up to date software. Jane prefers to let her pupils use technology for contract work, but is not able to implement this in her classroom: " 
Discussion and results of the horizontal analysis
More than three decades ago, Sommer (1977) stated that teachers' pedagogical beliefs are reflected in the way they arrange space, position desks, and use decoration. Nevertheless, there is little empirical evidence about the relationships between the architectural structure of a classroom and its daily educational practice (cf. Brooks, 2010) . From these scarce studies it seems that the location and layout can influence the educational processes in a positive manner. The purpose of the current study was to investigate how technology as a "new" didactic means can be associated to the classroom layout. In the next section the results of the horizontal analysis are discussed in three parts: 1) the placement of technology in the spatial classroom layout, 2) the transition from one central display (the chalkboard) to multiple screens, and 3) the spatially dispersed classroom over different locations within the school.
This next section refers to the schools (S) and grade (G) presented in Table 3 . Table 3 about here >
< Insert
The placement of technology in the spatial classroom layout
This study addressed the need for technology infrastructure and placement to be informed illustrate, eight of the 12 school buildings selected in this study were more than 50 years old (see Table 3 ). In these school buildings the determined typology of classroom layouts had similarities to other theories presenting as well "front-facing singles, pair and rows" and "group" classrooms (cf. Betoret & Artiga, 2004; Martin, 2002) . The only difference with the Martin (2002) study is the absence of an arrangement of desks in a circle. (2004) found in their study that the classroom layout is closely related to teachers' practice. The findings of the horizontal analysis in this study confirm that different teaching and learning activities can be related to specific classroom layouts. For instance, the "group" arrangement invites pupils to collaborate (S2/G6), the "combination" arrangement allow the teacher to switch to different activities (S11/G3), etc. But in contrast to the assumption that the specific shape of a classroom is to facilitate the activities appropriate to the location (e.g., Amedeo & Dyck, 2003) , it seems that teachers in the current study were more limited to the material or geometrical form of the room. Some of the teachers (e.g. S9/G4) preferred more computers in the classroom and/or a different layout, but were restricted because of the size of the room.
Betoret and Artiga
Apart from the layout in the observed and interviewed classrooms, also the positioning of technology seems to be related to the way the educational process is organized (cf. . Don for instance prefers to have one computer for each group so the pupils can use it in their everyday work and collaboration (S2/G6), while the only computer in the back of Jane's class is used for contract work (S11/G6). Fisher (2005) went so far as to propose a range of pedagogies that could be used, depending upon the subject matter, to support a range of student skills and competences that could be linked to particular spatial configurations that lent themselves well to these learning activities. Teachers in our study chose technological devices for specific places in the classroom also for more practical reasons: visibility of the IWB (cf. Smith et al. 2005 ) and black board (S9/G4, S8/G2), number of pupils (S9/G4, S12/G3), characteristics of the pupil group (S12/G4, S11G3), concentration and attention (S9/G4, S8/G2) etc. In this respect, we refer to the classroom layout as an action context:
"interaction with our environment is part of our interaction with others" (Canter in van Kooten 1988, p. 19) . Consequently, the layout of a classroom is not a given but the result of "mediating agencies" (Herman et al., 2011) .
Nevertheless, in the rush to implement technology, teachers and schools may have perpetuated a largely unquestioned view that technologies are to be implemented in 'technocentred PC-labs' (Zandvliet, 2006) . In this study, 6 out of 9 teachers in this study make use of a PC-lab, mostly for drill and practice exercises. This confirms that the PC-lab is not the space to use ICT for 21 st century learning (cf. Voogt & Roblin Pareja, 2012) . At the same time, the results of this study show that although ten out of 12 schools in this study have a PC-lab, the teachers in these schools prefer to have (more) computers in their classrooms (instead of a PC-lab). In line with the study of Tondeur et al. (2008) , it seems that decisions about the specific positioning of technology is determined at the school level (cf. S9/G4). In this respect, Laferrière, Hamel and Searson (2013) learned that teachers want to have their say regarding hardware (e.g., when IT personnel did not consult teachers on the arrangement of computers in the classroom).
From one central display to multiple screens
From the background of this study it is clear that the ideal typical layout of the traditional classroom related to relatively unambiguous educational practices. In the history of architecture of the classroom the attention is directed to the blackboard, the first and most important display within the room (Van Den Driessche, 2009). In such "typical" classrooms, school desks are oriented towards this screen and towards the teacher in front of the class (cf.
S9/G4, S8/G2). The architecture of the classroom was conceived to support the educational situation centered on this central place of display.
However, new didactical means and the new technologies seem to influence this disposition. Even within the rigid geometry of the traditional classrooms in the sample schools, different sorts of situations emerged. In the classrooms analyzed, multiple screens appeared: for instance small cozy corners were observed (S12/G4, S4/G5), desktops on each desk (cf. S2/G6), an IWB in front of the classroom (cf. S11/G6), etc. As a result, the attention of the group is split among different foci. In this situation the dimensions of the screen and the precise location of these devices are then of major importance. The size of the screen begins to define groups within a classroom, along with the working methods and possible educational practices, even more than the geometrical form of the classroom (cf. Smith et al., 2005) . At the same time, some teachers consider the distraction of the screen for pupils to be a drawback (S9/G4). In this respect, some of the interviewed teachers (S11/G6) decided to "hide" the computer in the corner of their classroom. As such, the technology is separated so as not to disturb the teaching/learning activities (cf. Stuyvaert, 2008) .
The dispersed classroom
In the twelve sample schools, reorganization of the educational space due to technology integration was explored. Sometimes less appropriate spaces outside the classroom such as corridors or small storage rooms were used to place computers for individual work (see e.g. S4/G5). 9 out of 12 schools have different special rooms to accommodate the new technology: a digital class, a computer room, or a media lab. These special rooms have their own specific equipment and the inhabitants go to these rooms for particular occasions. Consequently, the educational practice of individual classes is also dispersed over different locations within the school. Since the entire school building is used differently, the regime of the school itself has been reconsidered (Van Den Driessche, 2009 It is also clear that educators need to conceive of these new school buildings beyond the classroom itself. A more substantial understanding of the layered architecture of the classroom may give some clues to rethink the school building in its totality, including the role of technology. Therefore, choices have to be made in terms of educational objectives (Hermans et al. 2008) . In this respect, Radcliffe (2008) provided a tool that uses the relationship between pedagogy, space and technology in order to inform the design, operation and assessment of learning spaces: each of the three elements influencing each other in a reciprocal manner. It emphasizes the importance and arrangement of space to influence patterns of teaching and learning. According to Radcliffe (2008) the 'learner' is an active participant inside the 'pedagogy-space-technology' triangle, influencing, and being influenced by these elements according to the situation and context. This relationship is important as the evidence suggests that technologically enhanced learning environments, independent of all other factors, seems to have a positive impact on student learning (Brooks, 2010) .
Limitations of the study and directions for future research
This study used a case-study approach to explore the importance of the classroom layout and how the specific positioning of technologies can be associated with educational practices. The analysis of pictures and schematic representations of classrooms studied in combination with in-depth interviews provided a deeper, richer account and the broader context than can be obtained by a large-scale survey. However, the results of this study cannot simply be generalised to other educational levels. Some classroom related characteristics are specific for the context of primary education. In secondary and higher education both the specific positioning of technology in schools and the use of technology in teaching and learning processes might be different.
Furthermore, we have to assume that the uses and positioning of technology in classrooms can be different in different parts of the world. Perhaps in some countries teachers and pupils make more use of laptops or tablets. However, while mobile technologies are often used at home and in the office, and we experiment with them in schools it will be years before the classrooms are dominated by mobile technologies (see e.g. Pynoo, Kerckaert, Goeman, Elen, & van Braak, 2013) . But even when it does, the conceptual considerations related to the classroom environment this study raises are still relevant and can also be related to the integration of mobile technologies. To illustrate, in a recent study on mobile technologies, Sølvberg and Rismark (2012) described how students engaged in learning activities within different learning spaces. Each learning space had different features which became visible when exploring how the students worked with the course material. This is in line with the findings of the current study, suggesting that the educational practice of individual classes is dispersed over different locations within the school, each with specific educational objectives.
One major asset of mobile technologies in the study of Sølvberg and Rismark (2012) was the flexibility of being able to study at any time and any place. Future work on ICT in the classroom will expand to consider how teachers manage new (mobile devices) within the different room configurations (cf. Lui & Slotta, 2014; Mercier et al., 2014) .
The results presented in this study fuel the development of descriptive theory concerning the complex relationship between the classroom layout and the educational practice, with a special focus on technology. We can think of ICT as a physical property that is always relative to something and, in the context of ICT in education, relative to desirable goals or strategies for teaching and learning (Hammond, 2010) . According to this author, the description of ICT in the physical classroom setting is socially constructed. Future research should therefore consider the use of space through positioning and movement of the teachers (cf. Lim et al., 2012) and pupils. Observing teachers and pupils can be a promising approach to help refine the initial findings presented in this study. Also a longitudinal study looking at the effects of change where the physical environment is infused with carefully designed digital tools and materials to support student interactions could lead to new insights (see e.g., Lui & Slotta, 2014) . Finally, to explore if and how schools can realize such changes, research is needed about the effects of the classroom interior design process on teachers' and learners' locus of control with respect to ICT integration. However, the relationship between people and their environment is complex and therefore any outcomes from a change in setting are likely to be produced through an involved chain of events (Woolner, Hall, Higgens, McCaughey, & Wall, 2007) . It is the defining and understanding of these mediating chains that is key and must take account of issues relating to ownership, relevance, purpose and permanence.
Conclusion
This study has initiated an important step in an emergent area of inquiry: gathering empirical evidence about the relationship between the place of technology in schools and specific teaching and learning practices. The scarcity of empirical research to date seems to imply that the positioning of technology in schools might be better left to school designers, architects, or ICT coordinators than teachers, and that teachers should confine their concerns to issues of pedagogy and curriculum. This study has questioned such a perspective and has looked at the 'ecology' of educational spaces as they are informed by place, pedagogy, design and the integration of new technologies.
After the survey on the use of digital technologies in the sample schools we can make some further conclusions. First, it is apparent that space can be a partner within pedagogy, and such a partnership is precisely what could be interesting when we consider ICT integration in education. But at the same time, space was also perceived in this study as a barrier: traditional classroom seems often unsuitable to include new technologies. Second, the layout of the classroom, including the positioning of technology, can be clearly related to specific teaching and learning activities. In this respect, technological devices do not embody one single pedagogical orientation; instead they enable the integration of a spectrum of approaches to teaching and learning. Based on the findings of this study, we conclude that not only the technologies themselves, but also their physical placement in the overall classroom layout mediates their pedagogical usage. These kinds of decisions deserve to be carefully considered, not determined by happenstance, as is frequently the case. Further research is needed to help architects, school leaders and teachers make informed decisions about classroom layout and technology placement. Amedeo and Dyck (2003) . (Betoret & Artiga 2004) . 
Fig. 2. Two examples of classroom layouts
